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Natural killer (NK) cells may be important in modulating HIV replication in early course of 
HIV infection. The effector function of NK cells is finely tuned by a balance between signals 
delivered by activating and inhibitory receptors. However, the influence of expression of 
these receptors on the early course of HIV replication and subsequent disease progres- 
sion is not explored in the context of HIV-1C infection. The expression pattern of activating 
(NKp46, NKp44, NKp30, NKG2D, and NKG2C) and inhibitory (CD158b, NKG2A, and ILT2) 
receptors was determined in 20 patients with recent HIV-1C infection within 3-7 months 
of acquiring HIV infection and was compared with the expression pattern in individuals 
with progressive (A/=12), non-progressive HIV-1C infection (LTNPs, A/ = 12) and healthy 
seronegative individuals (N = 20). The association of the expression of these receptors on 
the rate of disease progression was assessed using viral load set point of recently infected 
individuals as a marker of disease progression. The study showed that higher cytotoxic 
potency of NK cells was associated with low viral load set point in recent HIV infection 
(r = -0.701; p = 0.0006) and higher CD4 counts (r = 0.720; p = 0.001).The expression of 
activating receptors (NKp46, NKp30, and NKG2D) on cytotoxic NK cells but not on regula- 
tory NK cells was also significantly associated with low viral set point (p < 0.01 ) and viral 
load in LTNPs and progressors (p< 0.01). The study also indicated that cytotoxic NK cells 
might show the ability to specifically lyse HIV infected CD4 cells. This data collectively 
showed that early and sustained higher expression of activating receptors on cytotoxic 
NK cells could be responsible for increased cytotoxicity, reduced viral burden, and thus 
delaying the disease progression. The study to identify the molecular mechanism of the 
expression of these receptors in HIV infection will be helpful in further understanding of 
NK cell mediated control in early HIV infection. 
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INTRODUCTION 

Early HIV infection is characterized by a dynamic interaction 
between the host immune system and the virus. The outcome 
of this interaction influences the rate of disease progression. The 
important role of innate immune responses in early consequences 
of HIV infection has been highlighted recently (1, 2). Natural 
killer (NK) cells are crucial mediators of innate immunity and 
also promote the development of adaptive immune responses (3, 
4). A recent study has shown that women with impaired NK cells 
mediated gamma interferon secretion were prone to acquire HIV 
infection (5) . Increased NK cell activation has been associated with 
resistance to HIV-1 infection in a cohort of intra-venous drug 
users (6), HIV-discordant couples (7), and perinatally exposed 
children born to HIV-1 infected mothers (8). These studies sug- 
gest that early NK cell response to HIV might be important in 
early control over virus multiplication. A recent RV144 HIV-1 
vaccine efficacy trial demonstrated that plasma IgG against the 
HIV-1 envelope (env) variable region 1 and 2 inversely correlated 
with risk probably due to their ability to promote ADCC thus 



further emphasizing probable protective role of NK cells in HIV-1 
infection (9). 

Natural killer cells express an array of activating and inhibitory 
receptors. These receptors provide signals, the balance of which 
forms the decision of whether a NK cell becomes activated or the 
activation is inhibited (10). Hence, the effector function of NK cells 
is finely tuned by a balance between signals delivered by activating 
receptors such as NKG2D, natural cytotoxicity receptors (NCRs- 
NKp46, NKp44, and NKp30) (3) and inhibitory receptors (for 
e.g., CD94-NKG2A) (4). It has been shown that HIV modulates 
the expression of various receptors affecting the effector functions 
of the NK cells (11, 12). HIV- 1 has also been known to reduce the 
expression of ligands for NK cell receptors to evade NK cell medi- 
ated immune response (13). HIV- 1 ne/has shown to down regulate 
the expression of NKG2D ligands to escape from NK cells mediated 
killing (14). Lower expression of NCRs was found to be associated 
with decreased cytotoxicity of NK cells in chronic HIV infection 
(15). The increased expression of inhibitory receptor, NKG2A on 
cytotoxic NK cells have shown to influence the advancement of 
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HIV infection through the escape of infected CD4+ T cells (16). 
NCR-mediated NK cell activation during HIV infections reported 
to have a possible role in the loss of uninfected CD4 + T cells (17). 
The role of killer immunoglobulin-like receptors (KIR) on NK 
cells such as KIR3DS1/HLABW80I in determining the viral load 
set point and protection against opportunistic infection (18, 19), 
supports the involvement of NK cells in the control of HIV-1. 

However, the influence of expression of activating and 
inhibitory receptors is not understood well in early course of HIV- 
1C infection. Hence, the present study was planned to understand 
the pattern of expression of activating and inhibitory receptors 
on NK cells in recent HIV- 1 infection and their influence on the 
cytotoxic potential of the NK cells and the virus control and HIV 
disease progression. 

MATERIALS AND METHODS 
STUDY POPULATION 

From the patients visiting the out-patient clinics of the National 
AIDS Research Institute, Pune, India; 20 individuals showing indi- 
cation of recent HIV infection (RHI) were enrolled in the study. 
The individuals with RHI were identified as the individuals who 
had less than 7 months duration between the last HIV-negative test 
and first HIV-positive test and gave a recent history of exposure. 
These patients were followed up for 2 years at every 3 months. 
Additionally, 12 (8 female and 4 male; median age 31). Long 
term non-progressors [HIV infected individuals with stable CD4 
counts above 500 cells/mm 3 and without any history of oppor- 
tunistic infection in absence of ART for the last 7 years (20)], 
12 patients with CD4 count less than 200 cells/mm 3 (henceforth 
termed as progressors), and 20 HIV seronegative healthy individu- 
als as healthy controls (HC) were also included in the study. Blood 
samples collected at the enrollment visit (between 3 and 7 months 
of acquiring HIV infection in case of patients with RHI) were 
processed for NK cell identification and characterization. For pro- 
gressors, the blood samples were collected prior to the initiation 
of anti-retroviral treatment. The study was approved by the Ethics 
Committee of National AIDS Research Institute and whole blood 
samples were obtained after obtaining written informed consent. 



In case of recent HIV-1 infection, the mid time point of 
the period between last HIV-negative and first HIV-positive test 
was considered as tentative date of infection (21). The duration 
between the tentative date of infection and date of enrollment was 
calculated to get days after infection as described previously. 

SAMPLE COLLECTION AND PROCESSING 

Twenty milliliters whole blood was collected in EDTA (BD 
Biosciences) and peripheral blood mononuclear cells (PBMCs) 
were isolated by density gradient centrifugation using Ficoll- 
Histopaque 1077 (Sigma-Aldrich, St. Louis, MO, USA) within 
6 h of blood collection. The PBMCs were cryopreserved in freez- 
ing medium containing 90% fetal calf serum (FCS) and 10% 
dimethyl sulfoxide (DMSO) and stored in liquid nitrogen (- 
196°C) until further use. The plasma was stored at — 70°C within 
6 h of collection until further use. 

CD4 COUNT AND VIRAL LOAD ESTIMATION 

The CD4+ T-cell counts were estimated by flow cytometry 
(FACSCalibur, Becton Dickinson, USA) as a part of routine 
investigations using TruCOUNT kit (Becton Dickinson, USA). 
Plasma viral RNA load was measured by RT PCR (Cobas Amplicor 
HIV-1 Monitor Test Kit, version 1.5, Roche Diagnostics, NJ, USA) 
according to the manufacturer's instructions. Lower detection 
limit of the plasma viral load assay was 400 RNA copies/ml. Hence 
for statistical analysis, values less than 400 RNA copies/ml were 
considered to be 400 RNA copies/ml. 

The plasma viral load set point (PVL set point) was calcu- 
lated in the study participants with RHI as described previously 
(22). Depending upon viral load set point, these participants were 
grouped into patients with low viral load set point (RHI-LVL) 
(PVL set point <4Logio copies of RNA/ml) and patients with high 
viral load set point (RHI-HVL) (PVL set point >4 Logio copies of 
RNA/ml)(23). Of the 20 participants with RHI, 14 showed VL set 
point less than 4 Logio copies/ml (RHI-LVL) whereas six patients 
showed VL set point more than 4 Logio copies/ml (RHI-HVL). 

The demographic, virological, and immunological data of all 
study participants is shown in Table 1. 



Table 1 | Demographic, virological, and immunological characterization of study participants. 



RHI-LVL 
(W=14) 



RHI-HVL 

[N = 6) 



LTNPs 
(A/ = 12) 



Progressors 
(/V = 12) 



(Median and range) 



Healthy controls 
(A/ = 20) 



Age (years) 

Gender [female (F): 
male (M)] 

CD4 count (cells/mm 3 ) 

Time after infection 

VL set point (RNA 
copies/ml) 

Viral load at enrollment 
(RNA copies/ml) 



28 (16-35) 
F:12 and M:2 



26 (23-33) 
F:4and M:2 



31 (29-34) 
F:8:M:4 



574(280-1211) 569(116-743) 695(476-1069) 

180 days (75-308) 102 days (25-285) 9 years (8-14) 

4774(400-10143) 34957(13389-228397) NA 



38 (27-45) 
F:6:M:5 

111 (26-156) 

NA 

NA 



28 (23-34) 
F:13 and M:7 

976 (403-1398) 

NA 

NA 



1830(400-61400) 33950(16300-55000) 2561 (undetectable-6890) 184137(18012-482236) NA 
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MULTI-PARAMETER FLOW CYTOMETRY ANALYSES 

The PBMCs cryopreserved at the enrollment visit were revived 
and incubated in complete tissue culture medium (RPMI with 
10% FCS) in a humidified 5% CO2 incubator overnight. The cells 
were stained with monoclonal antibodies (all from BD Biosciences 
unless otherwise indicated) to identify NK cells, its subsets, and 
to estimate the expression of various activating and inhibitory 
receptors on the subsets of NK cells. The peridinin chlorophyll 
protein (PerCP)-conjugated anti-CD3, allophycocyanin (APC) 
conjugated anti-CD56 and fluorescein isothiocyanate (FITC)- 
conjugated anti-CD 1 6 antibodies were used to identify specific NK 
cell subsets. Phycoerythrin (PE) -conjugated anti-human antibod- 
ies against activating receptors such as NCRs (NKp46, NKp30, and 
NKp44), other activating receptors [NKG2C (R&D systems), and 
NKG2D], and inhibitory receptors (CD158a, CD158b, NKG2A, 
and ILT2) were used to estimate the expression levels of these 
receptors. The activation status of the NK cells was analyzed 
using PE labeled antibodies against early activation markers; 
HLA-DR and CD69. The stained cells were acquired using BD 



Cell Quest Pro software and analyzed using FACSCalibur (BD 
Biosciences). Using forward and side scatter, the lymphocyte pop- 
ulation was gated while acquiring the sample and 50,000 gated 
events were acquired (Figure 1A). The NK cell population was 
then identified as (CD3"CD16+ and/or CD56+) cells (Figure IB) 
and further categorized into different NK cell subsets depend- 
ing on the expression of CD16 and CD56 molecules as regu- 
latory (CD3-CD56+CD16-), cytotoxic (CD3"CD56+CD16+), 
and defective (CD3"CD56"CD16+) (Figure 1C). Each of NK cell 
subset was further analyzed for the frequency of cells expressing the 
particular activating and inhibitory receptors and intensity of the 
expression was estimated as geometric mean fluorescence intensity 
(G-MFI) of gated positive population by using histogram analysis. 
Figures 1D,E shows representative contour plot to demonstrate 
discrimination between positive and negative population for the 
presence of NK cell receptor (e.g., NKG2D)on NK cell subset from 
RHI-HVL and LTNP respectively whereas Figure IF represents 
the histogram analysis of positive population used to determine 
G-MFI. 




FIGURE 1 | Gating strategy used to identify NK cells and the NK cell 
subsets. Representative flowcytometry plots from the PBMCs of one of 
the study participants. The lymphocytes were live gated during acquisition 
using the side and forward scatter dot plot display (A). Furthermore, by 
using the negative gating strategy, CD3-negative lymphocyte population 
was identified (B).The NK cell population was further identified and 
differentiated into regulatory (CD3~CD16~CD56 + ), cytotoxic 
(CD3~CD16 + CD56 + ), and defective (CD3-CD16+CD56") NK cell subsets 



on the basis of the expression of CD56 and CD16 (C). Representative 
contour plot to demonstrate discrimination between positive and negative 
population for the presence of NK cell receptor (NKG2D) (RHI-HVL) (D). 
Representative contour plot to demonstrate discrimination between 
positive and negative population for the presence of NK celi receptor 
(NKG2D) (LTNP) (E). Representative histogram of positive population to 
denote histogram analysis of each of the NK cell subset to determine 
G-MFI of NK cell receptors (NKG2D) (F). 
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CYTOTOXICITY OF NK CELLS 

The cytotoxic potential of NK cells from the study participants 
was assessed using total cytotoxicity and apoptosis kit (Immuno- 
chemistry Technologies, Bloomington, MN, USA) as per the man- 
ufacturer's instructions. Briefly, PBMCs were co-cultured for 4-h 
at 37°C with CFSE stained K562 cells at a 25:1 effector to tar- 
get cells ratio in 500 ul of RPMI medium with 10% FCS. The 
cells were then stained by Sulforhodamine-Fluorochrome labeled 
Inhibitor of Caspases (SR-FLICA) and were incubated for 45 min 
at 37°C in humidified 5% CO2 incubator. The viability stain was 
then added to co-cultured cell population of effector and target 
cells. The cells were acquired on the flowcytometers (FACSCal- 
ibur, Becton Dickinson, USA) within 30 min of staining and while 
acquiring, the large sized K562 cells (target cells) were identified 
using forward and side scatter (Figure 2A). The CFSE stained 
K562 cells were further identified using a dot plot of CFSE vs. 
Side scatter (Figure 2B). Fifty thousand gated events of CFSE 
stained K562 cell were recorded and further analyzed for necrotic 
(SR-FLICA^ 7 AAD+), late apoptotic (SR-FLICA+7AAD+), and 
early apoptotic (SR-FLICA+7AAD~) populations (Figure 2D). 



The sum of percentages of these three types of population was con- 
sidered as total cytotoxicity. Only target cells (CFSE stained K562 
cells) were used as negative control (Figure 2C) whereas camp- 
tothecin (3 u,g/ml) (Immunochemistry Technologies, Blooming- 
ton, MN, USA) mediated apoptosis induced K562 cells were used 
as positive control. Spontaneous killing of K562 cells was sub- 
tracted from cytotoxic percentage obtained for the sample to 
obtain the net cytotoxicity percentage. The formula used for 
cytotoxicity assessment was as follows. 

Cytotoxic potency =(% early apoptotic K562 cells + % late 
apoptotic K562 cells + % Necrotic K562 cells) - % of K562 cells 
undergoing spontaneous apoptosis (assessed in negative control). 

STATISTICAL ANALYSIS 

Digital data of scatter plots from the flow cytometer were ana- 
lyzed with Flow Jo 7.6 software (Tree Star, Ashland, OR, USA). NK 
cell frequencies and G-MFI of different receptors were compared 
between the study groups using the non-parametric Mann- 
Whitney [/-test whereas the Spearman correlation was used to 
assess the correlation between the plasma VL set point, cytotoxicity 
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FIGURE 2 |The scatter plots showing the gating strategy used to of K562 cells: (Negative control): CFSE stained K562 cells alone incubated for 

distinguish necrotic, late apoptotic, and early apoptotic K562cells 4 h. (D) Lysis of CFSE stained K562 cells by the effector cells: 7AAD X axis) 

(target) co-cultured with PBMCs as a source of NK cells (effector cells). vs. SR-FLICA (Y axis) showing necrotic (7AAD + SR-FLICA~: upper left 

(A) Identification of large sized K562 cells using the FSC and SSC parameter. quadrant), late apoptotic (7AAD+ SR-FLICA+: upper right quadrant), and early 

(B) Detection of CFSE stained K562 cells. (C) Estimation of spontaneous lysis apoptotic cells (7AAD~ SR-FLICA+: lower right quadrant). 
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potential of the NK cells and the expression of various receptors. 
P < 0.05 was considered as significant. Graph Pad Prism (version 
5.00, CA, USA) Software was used for analysis. 

RESULTS 

FREQUENCY OF NK CELLS AND SUBSETS IN PATIENTS WITH RECENT 
HIV INFECTION 

The median frequency (percentages) of NK cells and the interquar- 
tile ranges (IQR) are summarized in Table 2. HIV infected 



patients {patients with RHI [RHI-LVL (Median: 9.6%), RHI-HVL 
(Median: 7.7%)], and progressors (Median: 4.5%) (p < 0.0001 in 
all cases)} showed lower percentage of NK cells as compared to 
those from the HC (Median: 15.8%) except the LTNPs (Median: 
16.5%, p = 0.5). Further, NK cell frequency in patients with RHI 
having high viral load set point (RHI-HVL) was found to be signif- 
icantly lower as compared to RHI-LVL group (p = 0.0 1 1 ) and but 
similar with the NK cells frequency seen in progressors (p = 0.16) 
(Figure 3A). 



Table 2 | Frequency of NK cells and subset wise distribution. 



RHI-LVL RHI-HVL LTNP Progressors Healthy controls 



Total NK cells (%) 


Median 


9.6 


7.8 


16.5 


4.51 


15.8 




IQR 


8.9-11.2 


7.2-8.2 


13.3-19.2 


2.7-8.8 


13.3-18 


Cytotoxic NK cells (%) 


Median 


43.7 


26.7 


74.1 


31 


72.1 




IQR 


38.3-49.7 


22.7-33.6 


69.3-78.6 


8-42.6 


64.6-76.6 


Regulatory NK cells (%) 


Median 


15.5 


5.9 


17.7 


8.8 


16.1 




IQR 


11.5-19 


2.9-14.5 


11-23 


6-20 


13-22 


Defective NK cells (%) 


Median 


37.4 


64 


7.1 


57.3 


10.9 




IQR 


31.3-46.8 


56.3-73.3 


3.4-13.2 


44.5-78.5 


5.5-14 
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FIGURE 3 |Total NK cell frequency and subset wise distribution in study participants. (A) Total NK cell %, (B) cytotoxic NK cell %, (C) regulatory NK eel 
%, and (D) defective NK cell %. *p<0.05, **p<0.01, ***p< 0.001, and NS, not significant. 
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NK CELL SUBSETS IN RECENT HIV INFECTION 

Cytotoxic NK cells (CD3"CD56+CD16+) is a major NK cell sub- 
set responsible for cytolysis of virally infected cells. As compared 
to HC (median: 72.1%), the frequency of these cells was also sig- 
nificantly lower in all study groups (p < 0.0001 in all cases) except 
LTNPs (median: 74.1%, p = 0.459). The frequencies were similar 
in RHI-HVL group (Median: 26.7%) and progressors (Median: 
31%) (p = 0.84) (Figure 3B). The percentages of cytotoxic NK 
cells was found to be associated positively with the CD4 counts 
in early as well as late HIV-1 infection (r = 0.502, p = 0.002) 
(Figure 4). 

The frequency of regulatory NK cell subset (CD3~CD56 
+CD16~), having cytokine secretion as the major function was 
observed to be reduced in RHI-HVL group (Median: 5.9%) 
(p = 0.01) and progressors (Median: 8.8%) (p = 0.04) as com- 
pared to HC. Whereas the percentages of regulatory NK cell 
were comparable among the LTNPs (Median: 17.7%) (p = 0.87), 
RHI-LVL (Median: 15.5%), and HC (Median: 16.1%) (Figure 3C). 

Significantly higher expansion of defective NK cells 
(CD3^CD56^CD16 + ) was observed in recent HIV-1 infection 
and progressors (Median: 57.3%) as compared to HC (Median: 
10.9%) and LTNPs (Median: 7.1%) (p < 0.0001 in all cases) 
(Figure 3D). The expansion of defective NK cells was significantly 
less in RHI-LVL group (Median: 37.4%) as compared to RHI-HVL 
group (Median: 64%) (p = 0.001). 

NK CELL RECEPTOR PROFILE 

The median G-MFI and frequency of all receptors and IQR val- 
ues has been summarized in Table 3. As compared to HC, the 
expression of activatory receptors on cytotoxic NK cells but not 
on regulatory or defective NK cells was found to be altered signif- 
icantly. Hence, only the analysis of expression of various receptors 
on cytotoxic NK cells is presented here. 

Within the HIV infected study groups the frequency of 
NKp44 expressing cytotoxic NK cells was comparable (p > 0.05), 
which was significantly higher than observed in HC (p < 0.001). 
The frequency of NKp46 and NKp30 expressing cytotoxic 



NK cells was comparable among all study groups although it 
showed a trend of higher number in RHI-LVL, LTNPs, and 
HC. The percentage of NKG2D + cytotoxic cells was higher in 
LTNPs followed by HC and RHI-LVL. Whereas frequency of 
NKG2A+ and NKG2C + cytotoxic NK cells was comparable in 
all study groups (Table 3). Frequency of Cytotoxic NK cells 
with expression of early activation markers such as CD69 and 
HLA-DR were found to be higher in LTNPs and RHI-LVL as 
compared to RHI-HVL (p<0.01) and progressor (p < 0.001) 
groups. 

The determination of G-MFI of various receptors showed that 
the NKp44 expression was significant higher in both RHI-LVL 
(p< 0.0001) and RHI-HVL (p = 0.001) group as compared to 
HC. The NKp44 expression in progressors and RHI-HVL was 
comparable (p = 0.50) (Figure 5A). 

The NKp30 expression was comparable in case of LTNP, RHI- 
LVL group, and HC (p > 0.3) whereas it was significantly reduced 
in RHI-HVL group (p < 0.001) and progressors (p < 0.001) as 
compared to HC (Figure 5A). 

NKp46, a marker, which is exclusively expressed by the NK cells, 
was also found to have a lower expression in RHI-HVL group 
(p = 0.001) and progressors (p = 0.01) as compared to the con- 
trols, whereas the expression was comparable among RHI-LVL 
group, LTNPs, and controls (p > 0.05) (Figure 5A). 

Additionally, we also assessed the expression of activating NKG2 
family of receptors. The expression of NKG2D receptor on cyto- 
toxic NK cells was found to be lower in RHI-HVL group and 
in progressors as compared to the expression in the controls, 
RHI-LVL group, and LTNPs (p < 0.005 in all cases) (Figure 5B). 
However, the patients with low VL set point showed lower NKG2D 
expression as compared to the LTNPs (p = 0.04). 

One of the other NKG2 receptor; NKG2C showed lower expres- 
sion on cytotoxic NK cells of RHI-HVL group and Progres- 
sors as compared to LTNPs, controls, and RHI-LVL (p < 0.05) 
(Figure 5B). 

The third receptor from NKG2 family; an inhibitory NKG2A 
receptor is known to form a heterodimer with CD94 in a similar 
fashion like that of NKG2C. We found that G-MFI of NKG2A was 
comparable in all study groups with HIV-1 infection. The median 
G-MFI for NKG2A expression was higher in RHI-HVL as com- 
pared to RHI-LVL group however the significance has not reached 
(Table 3). 

The activation status of NK cells was determined by measur- 
ing the expression of early activation markers such as HLA-DR 
and CD69. Only the cytotoxic NK cells from LTNPs and RHI- 
LVL group showed elevated expression of both HLA-DR and 
CD69 as compared to RHI-HVL group and progressors (p < 0.01) 
(Figure 5C) indicating presence of activated effector phenotype of 
NK cells. 

The higher expression of NKp46, NKp30, and NKG2D recep- 
tors was found to be associated with low viral load set point 
in RHI (Figures 6A-C) and with low viral load in case of 
LTNPs and Progressors [NKp30 (r = -0.525, p = 0.01), NKG2D 
(r= -0.826, p< 0.001), and NKp46 (r= -0.509, p = 0.01)]. 
Additionally the higher NKp46 and NKp30 expression was 
also associated with higher CD4 count (r = 0.469, p = 0.02 and 
r = 0.405, p = 0.007, respectively). Whereas higher expression of 
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FIGURE 4 | Association between CD4 cell count and cytotoxic NK cells. 

The CD4T cell counts of patients with recent HIV infection are plotted on X 
axis and the percentage of cytotoxic NK cells was plotted on Y axis. 
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Table 3 | Frequency and expression level (G-MFI) of NK cell receptors. 



RHI-LVL RHI-HVL LTNP Progressors Healthy controls 



NKp44 


Frequency (%) 


Median 


26.75 


23.05 


29.7 


25.4 


0.15 






IQR 


6.2-31.4 


4.8-28.2 


5-35.6 


1.33-31.4 


0.1-0.4 




G-MFI 


Median 


357 


231.5 


452.5 


116 


103 






IQR 


320-426 


115-352 


380-550 


106-125 


108-111 


NKp30 


Frequency (%) 


Median 


46.68 


40.505 


52.15 


43.27 


55.5 






IQR 


19.1-51.7 


13.6-65 


27.6-70 


15.6-60.4 


23.2-83 




G-MFI 


Median 


324.5 


218.5 


458 


256.5 


382 






IQR 


240-355 


142-348 


414-567 


228-303 


222-376 


NKp46 


Frequency (%) 


Median 


78.63 


76.3 


86.8 


64.2 


84 






IQR 


33.3-99 


58.5-95.5 


71.1-98.2 


45.5-94.3 


51.2-71.9 




G-MFI 


Median 


461 


340.7 


740 


410 


525 






IQR 


332-902 


273^30 


645-827 


325-538 


436-660 


NKG2D 


Frequency (%) 


Median 


89.85 


44.6 


74.11 


45.5 


64.56 






IQR 


69.9-94.3 


24.6-58.7 


43 -81.7 


36.6-62.5 


32.6-78.1 




G-MFI 


Median 


377 


185 


622 


124 


571 






IQR 


248-850 


115-222 


391-1237 


165-184 


416-917 


NKG2C 


Frequency (%) 


Median 


42.59 


57 


47.4 


43.3 


24.5 






IQR 


34.7-52 


46.1-65.4 


42.9-70.2 


23.8-59.6 


18.7-61 




G-MFI 


Median 


439.4 


425.3 


1117 


465 


798 






IQR 


245-593 


318-508 


709-3096 


418-644 


764-909 


NKG2A 


Frequency (%) 


Median 


27.2 


34.7 


35.3 


24.9 


9 






IQR 


21-41.7 


27-43 


27.2-55.4 


12.78-42.5 


4.53-11 




G-MFI 


Median 


486 


598 


460.5 


444 


814 






IQR 


258.2-587 


382-656.6 


335-1626 


420-648 


669.2-1330 


EARLY ACTIVATION MARKERS 


HLA-DR 


Frequency (%) 


Median 


31.8 


24.9 


33.8 


25.7 


12.2 






IQR 


19.9-41.7 


7.3-40.7 


4.8-39.6 


6.32-44.5 


4.7-23.6 




G-MFI 


Median 


320 


142 


636 


140 


405 






IQR 


188-587 


117-482 


469-813 


128-242 


236-763 


CD69 


Frequency (%) 


Median 


32.9 


30.92 


13.3 


9.68 


4.555 






IQR 


3.43-35.7 


1.11-66 


7.28-13.7 


2.81-63.4 


2.93-8 




G-MFI 


Median 


150 


203 


462.5 


167 


407.75 






IQR 


129.5-187 


182.5-204 


442-491.5 


132-206 


283.6-452.2 


CD158b 


Frequency (%) 


Median 


51.3 


56.2 


40.1 


47.5 


19.9 






IQR 


43-62.3 


50.2-59.1 


27.6-51.4 


19.1-54.8 


10.3-26 




G-MFI 


Median 


478 


458.5 


1085 


193 


905 






IQR 


424.6-505 


337.5-610 


870-1178 


152-278 


708.5-1054.2 


ILT2 


Frequency (%) 


Median 


31 


24.95 


33.05 


28.2 


2.75 






IQR 


9-39.9 


4.4-34.8 


13.6-56 


8.21-35 


1.62-8.2 




G-MFI 


Median 


127 


136.5 


1196 


628.9 


541 






IQR 


120-133.5 


120-171.5 


647-2664 


326.7-647 


509-958 



NKG2A was associated with high viral load set point (r = 0.450, 
£ = 0.01) inRHI. 

The inhibitory receptors such as CD158b, and ILT2 (CD85j) 
were down regulated in all HIV-1 infected individuals except 
LTNPs as compared to HC and none of the inhibitory receptors 
showed any significant association either with viral load set point 
or CD4 count (Table 3). 



CYTOTOXICITY OF NK CELLS 

We further wanted to assess whether the cytotoxic potential of NK 
cells was compromised in RHI and whether it had any association 
with viral multiplication. Overall, NK cells of patients with RHI 
showed reduced cytotoxic potency as compared to the controls 
and the potency was found to be reduced further in RHI-HVL 
group (Median: 29.1, IQR: 22.4-37.6) as compared to RHI-LVL 
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FIGURE 5 | Natural killer cell receptor profile of cytotoxic NK cells in HIV infection. (A) Natural cytotoxicity receptors (NKp44, NKp30, and NKp46), 
(B) activating receptors: NKG2D and NKG2C, and (C) early activation receptors HLA-DR and CD69. 



group (Median: 36.2, IQR: 32.2-41.2, p = 0.007). The Progressors 
also showed reduced cytotoxicity (Median: 24.2, IQR: 19.1-26.5) 
comparable to that seen in RHI-HVL group. The cytotoxicity was 
comparable in LTNPs (Median: 48, IQR: 42.-5 1. 2, p = 0.0017) and 
HC (Median: 42.2, IQR34-50.2, p = 0.005). NK cells from LTNPs 
showed the maximum cytotoxic capacity (Figure 7A). 

The NK cell cytotoxicity showed significant positive associ- 
ation (r = 0.720; p = 0.001) (Figure 7B) with CD4 counts and 
significant negative association with, viral load set point in recent 
HIV-1 infection (r= -0.701; p= 0.0006) (Figure 7C). We also 
found that low viral load values at enrollment visit in all HIV- 1 
infected patients were associated with higher cytotoxic potency 
(r = — 0.576; p = 0.001) (Figure 7D). The percentage of apop- 
totic cells was also negatively associated with viral load set point 
(r = —0.822; p < 0.0001) indicating that apoptosis could be the 
major mechanism of early NK cell mediated lysis. As expected 
higher, NK cell cytotoxicity was significantly associated with the 



expression of NK cell activating receptors such as NKG2D, NKP46, 
and NKp30. 

DISCUSSION 

The aim of the present study was to assess the expression pattern 
of an array of activating and inhibitory receptors on NK cells in 
early HIV infection and its potential role on virus control and 
disease progression by using viral load set point as a surrogate 
marker for disease progression. To understand the influence of 
these receptors further in the course of the disease, the expression 
and frequency of these receptors was assessed in LTNPs and Pro- 
gressors. In concordance with other studies (5, 24, 25), the present 
study also showed compromised NK cell frequency in early HIV 
infection. However, the degree NK cell mutilation was significantly 
lesser in patients with low viral load set point. The higher frequen- 
cies of NK cells in LTNPs indicated that during the course of HIV 
infection, maintenance of NK cell functionality was important to 
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FIGURE 6 | Association of expression of activating receptors and viral 
load set point. The G-MFI of NKp46 (A), NKp30 (B), and NKG2D (C) is 
plotted on Y axis and the log of viral load set point is shown on the X axis. 



control virus multiplication and slowing down the disease progres- 
sion. The higher percentages of cytotoxic and regulatory NK cells 
in recently infected patients with low viral load set point indicated 
the positive influence of early NK cell responses on the rate of HIV 
disease progression. Since the NK cell frequencies were measured 
before the setting of viral load set point in these patients, it may 
be possible that the presence of adequate number of cytotoxic and 
regulatory NK cells might be responsible for lysis of HIV infected 
cells and decreasing viral multiplication thus setting the low viral 
load set point. However the cause and effect relationship is difficult 
to establish in this cross-sectional study. The significant associa- 
tion of higher CD4 counts with higher percentage of cytotoxic NK 
cells and their cytotoxic potential in the present study indicated 



that NK cells might not be involved in non-specific CD4 lysis in 
early HIV infection as it was suspected in earlier studies (26, 27). 
The HIV infected CD4 T cells have been found to up regulate lig- 
ands of NKG2D such as MICA, MICB, and ULBP2 (28). Hence, 
this mechanism might be responsible for rendering the infected 
cells susceptible to NKG2D-mediated NK cell lysis sparing the 
uninfected ones. However due to scarcity of sample the expression 
analysis of these ligands on CD4 cells was not possible. 

We observed significantly higher expression of NKp44 in 
patients with RHI as compared to HC indicating the activation 
of cytotoxic NK cells in early HIV infection with further higher 
expression in patients with low viral load set point. The expression 
of NKp44 was comparable in LTNPs and patients with low viral 
load set point. However, Marras et al. previously showed absence 
of expression of NKp44 after IL-2 stimulation in vitro in case of 
the Elite controllers/LTNPs (27). It might be possible that the HIV 
gp41 mediated increased expression of NKp44 ligands on infected 
cells have made the infected cells susceptible to NKp44 mediated 
lysis. It has been indeed shown that the HIV antigens such as 
gp41 up regulate ligands of NKp44 on infected cells (17). This 
could be another reason for preserving the uninfected CD4 cells 
in the present study. It will be interesting to assess the presence and 
functionality of the anti-gp41 antibodies in this study population. 

Higher expression of natural cytotoxicity receptors was found 
to be linked with low viremia. NKp30 plays a major role in NK 
cell activation, degranulation, and cytotoxicity (29) and also in 
maturation of dendritic Cells (DCs) to stimulate T-cell responses 
(30). Hence, it could be possible that the higher NKp30 expression 
in RHI-LVL group and LTNPs might have driven the efficient DC 
function to generate adequate T-cell response in early HIV infec- 
tion and in LTNPs. Indeed, we have observed higher frequency of 
Gag-specific polyclonal CD8 responses in the RHI-LVL group as 
compared to RHI-HVL group (Unpublished data). 

In addition to NKp44 and NKp30, NKp46 expression was also 
higher in RHI-LVL group as compared to RHI-HVL group. It has 
been observed that the cytolytic potential of cytotoxic NK cells 
expressing NKp46, NKp30, and NKp44 decreased with disease 
progression (31) whereas in treatment interruption, expression of 
NKp46 was found to be reduced (32). It is likely that higher NCR 
expression in patients with low viral load set point was responsi- 
ble for early virus control resulting in slow/no disease progression. 
Additionally, the maintenance of optimal NCRs might be required 
for the continued viral control during HIV infection as evident 
from the higher NKp46 expression in LTNPs. 

Expression of NKG2D, an activating receptor was found to be 
higher in RHI-LVL group and LTNPs as compared to RHI-HVL 
group and progressors. NKG2D is an activating receptor found 
on NK cells and CD8 + T cells. It binds to the ligands expressed 
by the cancerous or infected cells or to the soluble form of lig- 
ands released by these cells ( 14). Viruses, including HIV have been 
shown to induce the expression of stress ligands for NKG2D (13) 
on infected cells. However, Nolting et al. showed that chronic HIV- 
1 infection is associated with reduced NKG2D expression resulting 
in specific defect in NKG2D-mediated NK cell activation (33). 
Hence, NKG2D has been thought to be important in viral control 
in HIV ( 14). Also it has been shown that TGF-beta down-regulates 
the expression of NKp30 andNKG2D (34) and increased TGF-beta 
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FIGURE 7 | Cytotoxic potency of NK cells in study participants The 

vertical scatter plot shows the percentages of lysed target cells (V axis) as a 
measure of cytotoxic potency of the NK cells from all the study groups (X 
axis). LTNPs showed highest cytotoxic potency (Dots are highlighted by gray 



color) (A). Association of cytotoxic potency of NK cells (X axis) with the 
markers of disease progression on y axis; the CD4 count (B) and the plasma 
viral load set point (C) and viral load at enrollment visit in HIV-1 infected study 
participants (D). 



production by PBMCs has been shown to be induced by HIV- 1 tat 
and env (35-38). Thus, it might be possible that the higher viral 
replication induced TGF-p* secretion by HIV infected CD4 cells. 
This increased TGF-fi secretion could be responsible for decreased 
expression of NKp30 and NKG2D on NK cells in the RHI-HVL 
group. It would be interesting to study the role of TGF-fi secretion 
in NKp30 expression and cytotoxicity of NK cells. 

We also observed higher expression of NCRs and NKG2D in 
LTNPs as compared to HC as well, which indicates that constitu- 
tive higher NCR and NKG2D expression may be able to keep HIV 
at bay after acquisition. 

All these findings collectively indicate that optimal and sus- 
tained expression of activating receptor might be essential for virus 
control in early HIV infection and thus slowing down disease pro- 
gression. The study also showed higher expression of HLA-DR and 
CD69 receptors in RHI-LVL group and LTNPs indicating that the 
mature activating stage of cytotoxic NK cells might have positive 
influence on the virus multiplication. 

We further assessed showed that cytotoxic potential of the NK 
cells was associated with lower plasma viral load set point and 



higher CD4 counts indicating the probable important role of 
cytotoxicity in early virus control. The HIV infected CD4 T cells 
have been found to up regulate ligands of NKG2D such as MICA, 
MICB, and ULBP2 (28). Hence, we speculate that this mecha- 
nism might be liable for making the infected cells susceptible to 
NKG2D-mediated NK cell lysis and sparing the uninfected one. We 
could not use the autologous HIV- 1 infected CD4 cells to assess 
cytotoxic potency due to paucity of cryopreserved PBMCs. Hence, 
K562 cells were used as target cells to analyze cytotoxic potency as 
a proxy marker for cytolysis of HIV infected autologous CD4 cells. 
Indeed, a study by Fogli et al. found that the ability of NK cells 
from HIV-1 infected viremic patients to lyse K562 and autologous 
p24 + CD4 blast was comparable (39). 

A study in CAPRISA cohort have shown that the participants 
having NK cells with impaired IFN-y secretion were prone to 
acquire HIV infection (40). Our study has further observed that 
after acquiring HIV infection, the patients having cytotoxic NK 
cells with higher expression of activating receptors such as NKp44, 
NKp46, NKp30, and NKG2D could be efficient killers of virally 
infected cells in the early course of HIV infection. Patients with 
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low viral load set point have been shown to have slow disease pro- 
gression (41). Although this was a cross-sectional study, higher 
expression of the activating receptors on NK cells in LTNPs and 
lower expression in Progressors highlight the importance of the 
maintenance of expression of these receptor in keeping the virus 
multiplication under control resulting in delayed or no disease 
progression. Hence, development/maintenance of potent cyto- 
toxic NK cells could be one of the important treatment/prevention 
strategies. 

Although, the small sample size of the patients with RHI and 
cross-sectional design of the study were the limitations, the study 
has signified the potential role of constitutive expression of acti- 
vating receptors on cytotoxic NK cells in viral control in early HIV 
infection. The study to identify the influence of HIV on the molec- 
ular mechanism of the expression of these receptors will be helpful 
in further understanding of NK cell mediated control in early HIV 
infection. 

ACKNOWLEDGMENTS 

The authors would like to thank all the study participants; Dr. 
Arun Risbud and serology laboratory staff for giving HIV diag- 
nosis; Dr. Smita Kulkarni and virology laboratory staff for viral 
load estimations and the staff for NARI out-patient's clinics for 
enrollment, counseling, and blood collection. This work has been 
supported partly by Department of Biotechnology and partly by 
institutional funds provided by National AIDS Research Institute. 
Ms. Archana Kulkarni is a Senior Research Fellow of Council of 
Scientific and Industrial Research. 

REFERENCES 

1. Mogensen TH, Melchjorsen J, Larsen CS, Paludan SR. Innate immune recog- 
nition and activation during HIV infection. Retrovirology (2010) 7:54. doi:10. 
1186/1742-4690-7-54 

2. Borrow P. Innate immunity in acute HIV-1 infection. Curr Opin HIV AIDS 
(2011) 6:353-63. doi:10.1097/COH.0b013e3283495996 

3. Lanier LL. NK cell recognition. Annu Rev Immunol (2005) 23:225-74. doi:10. 
1 146/annurev.immunol.23.021704.1 15526 

4. Michael T, Lotze AWT. Natural Killer Cells: Basic Science and Clinical Application. 
London: Academic Press (2010). 

5. Naranbhai V, Altfeld M, Karim SS, Ndung'u T, Karim QA, Carr WH. Changes in 
natural killer cell activation and function during primary HIV- 1 infection. PLoS 
One (2013) 8:e53251. doi:10.1371/journal.pone.0053251 

6. Scott-Algara D, Truong LX, Versmisse P, David A, Luong TT, Nguyen NV, 
et al. Cutting edge: increased NK cell activity in HIV-1 -exposed but unin- 
fected Vietnamese intravascular drug users. / Immunol (2003) 171:5663-7. 
doi: 1 0.4049/jimmunol. 1 7 1 . 1 1 .5663 

7. Montoya CJ, Velilla PA, Chougnet C, Landay AL, Rugeles MT. Increased IFN- 
gamma production by NK and CD3+/CD56+ cells in sexually HIV-l-exposed 
but uninfected individuals. Clin Immunol (2006) 120:138-46. doi:10.1016/j. 
clim.2006.02.008 

8. Tiemessen CT, Shalekoff S, Meddows-Taylor S, Schramm DB, Papathanasopou- 
los MA, Gray GE, et al. Cutting edge: unusual NK cell responses to HIV-1 pep- 
tides are associated with protection against maternal-infant transmission of 
HIV-1. / Immunol (2009) 182:5914-8. doi:10.4049/jimmunol.0900419 

9. Tomaras GD, Ferrari G, Shen X, Alam SM, Liao HX, Pollara J, et al. Vaccine- 
induced plasma IgA specific for the C 1 region of the HIV- 1 envelope blocks bind- 
ing and effector function of IgG. Proc Natl Acad Sci USA (2013) 110:9019-24. 
doi:10.1073/pnas.l301456110 

10. Pegram HJ, Andrews DM, Smyth MJ, Darcy PK, Kershaw MH. Activating and 
inhibitory receptors of natural killer cells. Immunol Cell Biol (201 1) 89:216-24. 
doi:10.1038/icb.2010.78 



11. Marras F, Bozzano F, De Maria A. Involvement of activating NK cell recep- 
tors and their modulation in pathogen immunity. J Biomed Biotechnol (2011) 
2011:152430. doi:10.1155/2011/152430 

12. Pham TN, Richard J, Gerard FC, Power C, Cohen EA. Modulation of NKG2D- 
mediated cytotoxic functions of natural killer cells by viral protein R from HIV- 1 
primary isolates. J Virol (2011) 85:12254-61. doi:10.1128/JVI.05835- 11 

13. Ward J, Bonaparte M, Sacks J, Guterman J, Fogli M, Mavilio D, et al. HIV mod- 
ulates the expression of ligands important in triggering natural killer cell cyto- 
toxic responses on infected primary T-cell blasts. Blood (2007) 110:1207-14. 
doi: 1 0. 1 182/blood- 2006- 06- 028 1 75 

14. Zafirova B, Wensveen FM, Gulin M, Polic B. Regulation of immune cell function 
and differentiation by the NKG2D receptor. Cell Mol Life Sci (2011) 68:3519-29. 
doi:10.1007/s00018-01 1-0797-0 

15. De Maria A, Fogli M, Costa P, Murdaca G, Puppo F, Mavilio D, etal. The 
impaired NK cell cytolytic function in viremic HIV- 1 infection is associated with 
a reduced surface expression of natural cytotoxicity receptors (NKp46, NKp30 
and NKp44). Eur J Immunol (2003) 33:2410-8. doi:10.1002/eji.200324141 

16. Zhang R, Xu J, Hong K, Yuan L, Peng H, Tang H, et al. Increased NKG2A 
found in cytotoxic natural killer subset in HIV-1 patients with advanced 
clinical status. AIDS (2007) 21(Suppl 8):S9-17. doi:10.1097/01.aids. 
0000304691.32014.19 

17. Vieillard V, Strominger JL, Debre P. NK cytotoxicity against CD4+ T cells 
during HIV-1 infection: a gp41 peptide induces the expression of an NKp44 
ligand. Proc Natl Acad Sci USA (2005) 102:10981-6. doi:10.1073/pnas. 
0504315102 

18. Martin MP, Gao X, Lee JH, Nelson GW, Detels R, Goedert JJ, et al. Epistatic 
interaction between KIR3DS1 and HLA-B delays the progression to AIDS. Nat 
Genet (2002) 31(4):429-34. doi:10.1038/ng934 

19. Qi Y, Martin MP, Gao X, Jacobson L, Goedert JJ, Buchbinder S, et al. KIR/HLA 
pleiotropism: protection against both HIV and opportunistic infections. PLoS 
Pathog (2006) 2:e79. doi:10.1371/journal.ppat.0020079 

20. Mandalia S, Westrop SJ, Beck EJ, Nelson M, Gazzard BG, Imami N. Are long-term 
non-progressors very slow progressors? Insights from the Chelsea and Westmin- 
ster HIV cohort, 1988-2010. PLoS One (2012) 7:e29844. doi:10.1371/journal. 
pone.0029844 

21. Parekh BS, Kennedy MS, Dobbs T, Pau CP, Byers R, Green T, et al. Quantitative 
detection of increasing HIV type 1 antibodies after seroconversion: a simple 
assay for detecting recent HIV infection and estimating incidence. AIDS Res 
Hum Retroviruses (2002) 18:295-307. doi:10.1089/088922202753472874 

22. Burgers WA, Riou C, Mlotshwa M, Maenetje P, De Assis Rosa D, Brenchley J, 
et al. Association of HIV-specific and total CD8+ T memory phenotypes in sub- 
type C HIV-1 infection with viral set point. / Immunol (2009) 182:4751-61. 
doi:10.4049/jimmunol.0803801 

23. Lavreys L, Baeten JM, Chohan V, Mcclelland RS, Hassan WM, Richardson BA, 
et al. Higher set point plasma viral load and more-severe acute HIV type 1 (HIV- 
1) illness predict mortality among high-risk HIV-1 -infected African women. 
Clin Infect Dis (2006) 42:1333-9. doi:10.1086/503258 

24. Meier UC, Owen RE, Taylor E, Worth A, Naoumov N, Willberg C, et al. 
Shared alterations in NK cell frequency, phenotype, and function in chronic 
human immunodeficiency virus and hepatitis C virus infections. / Virol (2005) 
79:12365-74. doi:10.1128/JVI.79.19.12365- 12374.2005 

25. Brunetta E, Hudspeth KL, Mavilio D. Pathologic natural killer cell subset redis- 
tribution in HIV-1 infection: new insights in pathophysiology and clinical out- 
comes. JLeukocBiol (2010) 88:1119-30. doi:10.1189/jlb.0410225 

26. Parker SJ, Sadlon TA, Gordon DL. Enhancement of NK cell-mediated antibody- 
dependent lysis of recombinant gpl20-coated CD4 cells by complement. J Infect 
Dis (1995) 171:186-9. doi:10.1093/infdis/171. 1.186 

27. Marras F, Nicco E, Bozzano F, Di Biagio A, Dentone C, Pontali E, et al. Natural 
killer cells in HIV controller patients express an activated effector phenotype 
and do not up-regulate NKp44 on IL-2 stimulation. Proc Natl Acad Sci USA 
(2013) 110(29):11970-5. doi:10.1073/pnas.l302090110 

28. Matusali G, Tchidjou HK, Pontrelli G, Bernardi S, D'ettorre G, Vullo V, et al. 
Soluble ligands for the NKG2D receptor are released during HIV-1 infection 
and impair NKG2D expression and cytotoxicity of NK cells. FASEB ] (2013) 
27:2440-50. doi:10.1096/fj.l2-223057 

29. Wang H, Zheng X, Wei H, Tian Z, Sun R. Important role for NKp30 in 
synapse formation and activation of NK cells. Immunol Invest (2012) 41:367-81. 
doi:10.3109/08820139.201 1.632799 



www.frontiersin.org 



May 2014 | Volume 5 | Article 222 | 11 



Kulkarni et al. 



NK cells in recent HIV-1 infection 



30. Wehner R, Dietze K, Bachmann M, Schmitz M. The bidirectional crosstalk 
between human dendritic cells and natural killer cells. ] Innate Immun (2011) 
3:258-63. doi:10.1159/000323923 

3 1 . Mantegani P, Tambussi G, Galli L, Din CT, Lazzarin A, Fortis C. Perturbation of 
the natural killer cell compartment during primary human immunodeficiency 
virus 1 infection primarily involving the CD56 bright subset. Immunology (2010) 
129:220-33. doi:10.1 1 1 l/j.1365- 2567.2009.03171.x 

32. Bozzano F, Nasi M, Bertoncelli L, Nemes E, Prati F, Marras F, et al. NK- 
cell phenotype at interruption underlies widely divergent duration of CD4+- 
guided antiretroviral treatment interruption. Int Immunol (2011) 23:109-18. 
doi: 10. 1093/intimm/dxq462 

33. Nolting A, Dugast AS, Rihn S, Luteijn R, Carrington MF, Kane K, et al. 
MHC class I chain-related protein A shedding in chronic HIV-1 infection 
is associated with profound NK cell dysfunction. Virology (2010) 406:12-20. 
doi:10.1016/j.virol.2010.05.014 

34. Castriconi R, Cantoni C, Delia Chiesa M, Vitale M, Marcenaro E, Conte R, 
et al. Transforming growth factor beta 1 inhibits expression of NKp30 
and NKG2D receptors: consequences for the NK-mediated killing of 
dendritic cells. Proc Natl Acad Set U S A (2003) 100:4120-5. doi:10.1073/pnas. 
0730640100 

35. Gibellini D, Zauli G, Re MC, Milani D, Furlini G, Caramelli E, et al. Recombi- 
nant human immunodeficiency virus type-1 (HIV-1) Tat protein sequentially 
up-regulates IL-6 and TGF-beta 1 mRNA expression and protein synthesis in 
peripheral blood monocytes. Br J Haematol (1994) 88:261-7. doi: 10. 1 1 1 1/j. 
1365-2141. 1994.tb05016.x 

36. Hu R, Oyaizu N, Than S, Kalyanaraman VS, Wang XP, Pahwa S. HIV-1 gpl60 
induces transforming growth factor-beta production in human PBMC. Clin 
Immunol Immunopathol (1996) 80:283-9. doi:10.1006/clin.l996.0125 

37. Reinhold D, Wrenger S, Kahne T, Ansorge S. HIV-1 Tat: immunosuppression 
via TGF-betal induction. Immunol Today (1999) 20:384-5. doi:10.1016/S0167- 
5699(99)01497-8 



38. Crane CA, Han SJ, Barry JJ, Ahn BJ, Lanier LL, Parsa AT. TGF-beta downregulates 
the activating receptor NKG2D on NK cells and CD8+ T cells in glioma patients. 
Nemo Oncol (2010) 12:7-13. doi:10.1093/neuonc/nop009 

39. Fogli M, Mavilio D, Brunetta E, Varchetta S, Ata K, Roby G, et al. Lysis of endoge- 
nously infected CD4+ T cell blasts by rIL-2 activated autologous natural killer 
cells from HIV-infected viremic individuals. PLoS Pathog (2008) 4:el000101. 
doi: 1 0. 1 3 7 1 /journal.ppat. 1 000 1 0 1 

40. Naranbhai V, Altfeld M, Abdool Karim Q, Ndung'u T, Abdool Karim SS, Carr 
WH, et al. Natural killer cell function in women at high risk for HIV acquisition: 
Insights from the CAPRISA004 microbicide trial. AIDS (2012) 26(14):1745-53. 
doi:10.1097/QAD.0b013e328357724f 

41. Sterling TR, Vlahov D, Astemborski J, Hoover DR, Margolick JB, Quinn TC. 
Initial plasma HIV-1 RNA levels and progression to AIDS in women and men. 
NEngl J Med (2001) 344:720-5. doi:10.1056/NEJM200103083441003 

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 

Received: 09 January 2014; accepted: 01 May 2014; published online: 16 May 2014. 

Citation: Kulkarni AG, Paranjape RS and Thakar MR (2014) Higher expression of 

activating receptors on cytotoxic NK cells is associated with early control on HIV-1C 

multiplication. Front. Immunol. 5:222. doi: 10.3389/fimmu.2014. 00222 

This article was submitted to HIV and AIDS, a section of the journal Frontiers in 

Immunology. 

Copyright © 2014 Kulkarni, Paranjape and Thakar. This is an open-access article dis- 
tributed under the terms of the Creative Commons Attribution license (CC BY). The 
use, distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal is cited, 
in accordance with accepted academic practice. No use, distribution or reproduction is 
permitted which does not comply with these terms. 



Frontiers in Immunology | HIV and AIDS 



May 2014 | Volume 5 | Article 222 | 12 



